Background: Many studies have reported factors associated with internet addiction (IA) but little attention has been paid to contextual influences. The present study examined the association between regional contextual determinants of IA among college students in China. Methods: Participants comprised 6929 college students, who were identified through a multistage survey sampling process conducted in 28 university/colleges in China. Individual data was obtained through a self-administered questionnaire, and regional variables were retrieved from a national database. Multilevel logistic regression models were used to examine individual and regional influences on IA. Results: The overall IA prevalence was 13.6%. The final multiple level logistic models showed that higher frequent air pollution and PM2.5 level had 4.34 and 1.56 times the likelihood of suffering from IA, respectively; but higher regional per capita area of paved roads had lower likelihood of IA, ORs were from 0.66 to 0.39. Conclusions: The results of this study add important insights about the role of contextual regional factors, especially air pollution, affecting IA among college students in China, and demonstrates the need to account for environmental influences in addressing IA.
Introduction

I
n the current cyber age, the Internet has become a necessity in people's daily lives. As of December 2013, $39% of the world's 7 billion people use the Internet. 1 In 2008, China became the world's largest Internet user, with 64.9 million Chinese users in 2014, and new websites increasing at a rate of 16.5% per year from 2005. 2 Internet use is rising in many populations worldwide, especially in adolescents and youth. [3] [4] [5] An extreme form of this phenomenon is known as internet addiction (IA), an impulse control disorder characterized by an inability to inhibit internet use. 6 Compared to addictions such as alcohol, drug use, eating disorders and smoking, IA is fairly new and somewhat ubiquitous especially among adolescents and young adults. IA can lead to dysfunction in social, academic and work domains, and negatively impact people's health, especially in relation to behavioral and psychiatric problems. 7, 8 Ecological models have emphasised that IA is influenced by both individual and environmental variables, and previous studies have suggested that many factors are associated with IA. 5, 9, 10 However, most of these studies included individual correlates such as demographics, socioeconomic status, behavioral and psychosocial factors. 5, 9, 10 While some attention has been devoted to contextual or place specific effects of IA on health, this work has only included regional locations, 6 ,11 while regional contextual influences are poorly understood. This is probably because most studies were confined to local and/or community sub-populations, without the basis for analyzing regional influences on IA. When compared to individual variables, regional variables yield more stable estimates of personal social and economic environments. It is important to include regional variants and influences for understanding IA, especially from a public health and policy perspective. Regional variations can reflect diverse cultural norms relating to social and behavioral practices, as well as differences and diversity in economic development, which in turn impacts life styles. The Chinese mainland is vast and culturally diverse, with disparate economic and social development. By utilizing a large scale, national population sample, it was possible to accommodate such variability within the present study. The current study examined the influence of regional factors, independent of individual characteristics, focusing on socioeconomic status, air pollution and area of paved city roads.
Work arguing for the accessibility hypothesis puts forward that greater Internet availability may foster a greater engagement in online activities, in turn increasing one's susceptibility to IA. 12 According to this hypothesis, individual and regional economic status may be associated with IA because it reflects economic resources of Internet building and availability. Many studies found positive associations with individual socioeconomic status and IA; 13, 14 while some studies found no significant association. 6, 14 The present study examined this association in both the individual and regional levels. Our study also hypothesized that regional air pollution and area of paved city roads were associated with IA. This is because environmental conditions, such as air pollution and traffic congestion, can elicit stress. 15 The more pent-up stress people experience, the more likely they are to use the Internet to relieve stress. 16 Behavioral susceptibility theory argues that if a given behavior becomes inconvenient or difficult, it will gradually decline. 17 Internet use is a common occurrence indoors. When the physical environment is deemed hassling or hazardous, people are less likely to engage outdoors activities, more likely to stay indoors, and more likely to use the internet heightening the risk for IA. Using several variables from the national database, 18 air pollution and paved city roads, which reflect regional environmental conditions we investigated IA. Many people in China know that air pollution is harmful to their health, and as a consequence they are less likely to engage outdoors activities. Area of paved city roads reflects traffic conditions, 19 and dense traffic can also influence people to avoid outdoor activities. The present study examined these associations.
To achieve the aforementioned objectives the current article is organized as follows.
First, we outline the study methods and the research procedures used. We then discuss the results comparing these findings to previous research. Finally, we note some study limitations ahead of concluding with a summary regards the implications of our findings.
Methods
Data source
This study reports data from the Global Health Professions Student Survey (GHPSS) on Tobacco Control in China GHPSS (Extended version). 20 The GHPSS is part of the Global Tobacco Surveillance System and is a college-based survey. The GHPSS was initially completed in 31 countries between 2005 and 2007. In China the GHPSS included additional health, mental stress, IA and behavioral items. 21 The study employed a multistage sampling design. In Stage 1, 28 universities or colleges with medical programs were selected from 25 cities across China, differentiated by regional location. Stage 2 of the sampling strategy involved the selection of classes within each university/college, and all students in these classes were eligible as per the sampling frame. A more detailed description of the survey is published elsewhere. 21 
Measures
Dependent variable
Internet addiction was measured by self-report using Young's Diagnostic Questionnaire. 7, 22 This Questionnaire had higher reliability and validity, and has been widely used to assess respondents' IA. 22 The Questionnaire in this study also shows acceptable reliability, the Cronbach' alpha coefficients was 0.78. The Questionnaire comprised 8 items that answer questions about IA status with 'Yes' or 'No'. 'Yes' responses to five or more of the questions were classified as IA. The dependent variable in the study was IA, and was coded dichotomously as 1 = no IA and 2 = IA.
Individual-level independent variables
In order to control for possible individual-level confounders, questions were utilized to determine age, sex, ethnicity, parents' occupation and monthly expenses. Occupation was recorded in three categories: Operations and commercial work (Operations referring to mainly farmers and workers), staff and administration (which included mainly government jobs and company management jobs) and teacher and scientific and technical work (involving mainly professionals). Monthly student expenses (in RMB Yuan), which was measured through the question: 'how much do you spend each month?'. Categories were <1000; 1000-1499 and over.
College-level independent variables
University and college type was determined using the China university ranking system ('high level,' 'middle level' and 'low level') as established by the National Ministry of Education.
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City-level independent variable
There were several aspect independent variables that reflected potential region variations. The first regional variable was level of economic development. GDP per capita in the province of origin from which the students came from (original province GDP) and the GDP per capita in the city where they were studying (university/ college city GDP) were included. The former reflected economic resources of the students using the internet, individuals from developed regions had more economic resources and the later reflected information technology and infrastructure that fosters Internet use. Hence, individuals from higher origin and university/ college region GDPs had more opportunities to access and use the Internet, and were hypothesized to be more susceptible to IA than those from regions with the lower GDPs.
The second regional variable was the air pollution in the cities that the universities/colleges were located. In this study, we evaluate air pollution status by the frequency and amount of the air pollution. We used days of air pollution to evaluate air pollution frequency, and the PM2.5 to evaluate air pollution levels. Days of air pollution was measured against the national standard for each year. 24 Categories were less than 335 days, from 335 to 344 days, 345 days and more.
22 PM2.5 refers to ambient air being less than or equal to 2.5 micron particles. This includes small particle size, high activity toxic and harmful substances suspended in the air and atmosphere in the long term, which in turn has an significant negative effects on air quality and visibility. PM2.5 is a common indicator used for the level of air pollution. PM2.5 was measured by daily average value/ year (ug/m 3 ). These data were obtained from the 2013 Greenpeace report on the air quality of 74 Chinese Cities. 25 For the three cities included in the current study where this data was not available we used data from the 2014 national environmental monitoring database. 26 The third regional variable was area of paved city roads, which was measured by per capita area (m 2 ) to reflect traffic conditions in cities, which in turn influenced peoples travel. 18 Categories were less than 10, from 10 to less than 15, 15, and more. The above variables were taken from the National Bureau of statistics data. 18 
Data analysis
All data were entered into a database using Microsoft Excel. The dataset was then imported into SAS (9.3 version) for statistical analyses. Descriptive statistics were calculated for IA prevalence.
Rao-Scott Chi-square analyses were conducted to examine associations between the selected regional and individual variables and IA by SAS survey procedure, using the university/college as the clustering unit, in order to account for a within-clustering correlation, attributable to the complex sample analysis. Associations were confirmed through application of a multilevel logistic regression model using the SAS GlIMMIX procedure. 27 We started with the Null Model, a three-level (individual, universities and cities) with random intercepts in building IA multilevel logistic regression model. The constant was the sole predictor in accounting for cross-regional variation in IA. To this base, we added all individual and regional variables as fixed main effects to form final multi-level models for evaluating the impact of IA. We built two models for evaluating the impact of IA; (i) days of air pollution model and (ii) PM2.5 model (Full model 1 and Full model 2), to avoid the two variables overlapping each other in a regression model, see table 1. All regional and individual variables, with categories, are listed in Table 1 . The first category for each variable served as the referent in the logistic regression analysis. Model fit was assessed by the likelihood of a change in the À2log.
We assessed the significance of the random parameter variance estimates using the Wald joint t test statistic.
All analyses were weighted. Weights included: (1) sampling weights, as the inverse of the probability of selection, calculated at university/college, and (2) post-stratification weights, calculated in relation to sex, based on estimated distributions of this characteristic from a national survey. 28 The final overall weights were computed as the product of the above two weights. 27 We did not consider using a non-response weight because non-response rates were very low in this study.
Chi-square analyses were weighted using the overall participantlevel weights, and the multilevel analysis were conducted in regional level with sampling weight and subject-level weights with post-stratification weights, respectively. 27 
Results
A total of 7185 individuals were initially identified in this study's sampling frame, of which 6929 completed the questionnaire and passed the validity check. Of the sample, 11% were less than Figure 1 shows that IA prevalence increased with city-level PM2.5 exposure levels. Pearson r between the two: 0.555, P < 0.001. Rao-Scott Chi-Square test showed: sex, parental occupations, original province GDP, university/college city GDP, days of air pollution, PM2.5 and per capita area of paved city roads were associated with being IA.
The final multiple level logistic model showed that being male, paternal occupation of teacher and scientific and technical work, and higher frequent air pollution and PM2.5 exposure were associated with a higher likelihood of IA (OR: 4.34, 1.56), and higher regional university/college city GDP and per capita area of paved roads in city was lower likelihood of IA, which ORs showed in Full Model 1 and Full Model 2, see table 2.
Discussion
The findings yielded an overall prevalence estimate of 13.6%, which was similar to reports by zhou (12.8%) 27 and Gao (11.9%) 28 of IA among college students in China. 29, 30 This prevalence (13.6%) is higher than the global prevalence estimate of 6.0% in adults. 6 There is an urgent need to strengthened efforts to reduce IA among college students.
This study evaluated regional variants of IA, highlighting the importance of these determinants on variants in China. The study found IA prevalence varied widely in the university/college cities across China (random parameters: 3.62, P < 0.01), which indicated university/college regional environment may influence IA rates and risk.
Addressing a gap in the literature, the present study found that regional air pollution was associated with IA. Based on running full analysis models, college students who resided in higher frequent air pollution and PM2.5 level cities had 4.34 and 1.56 times the likelihood of suffering from IA, compared to those who reside in lower air pollution cities. The results indicate that not only air pollution frequency but also PM2.5 level were associated with IA. Furthermore, IA prevalence increased with city-level PM2.5 exposure levels. These results add important insights about the impact of ambient air pollution on IA among college students.
Air pollution is one of the main environmental problems in many countries, especially developing countries. As a by-product of rapid economic industrial development in the last two decades China is a major producer and victim of ambient air pollution. Since 2012, when the government declared a 'war on pollution', more than half of the Chinese cities were under environmental 'red alert'-having an above-100 Air Quality Index. This issue has continued. For example, in 2016, numerous flights were canceled in 23 cities due to smog induced poor visibility, wherein the travel of 460 million people were affected. 31 It is estimated that the high air pollution levels in China reduces life expectancy by 5.5 years. 32 Short and long term exposure to air pollution can lead to increased morbidity and mortality rates. 33, 34 Studies have found that exposure to air pollution was associated with biological dysregulation, including inflammation, and increased risk of cardiovascular disease and premature mortality. 35 Many experimental and observational studies also suggested that exposure to air pollution was associated with negative behavioral outcomes and psychiatric disorders. 36, 37 Our study affirms air pollution as a health hazard in the context of IA. This phenomenon can be explained by psychological stress relief and behavioral susceptibility theory. 16, 17 This study adds important insights about the impact of ambient air pollution on IA among university/ college students. By emphasizing the importance of contextual effects we suggest that more attention be paid to the environmental air conditions in China. IA intervention programs should be designed along with stricter air pollution controls. Effective strategies that take into account regional influences are needed to implement policy and public health interventions to prevent IA. Supported also is the behavioral susceptibility hypothesis about IA. When air quality improves people may engage more fully in outdoor activities, use the internet less and hence reduce their risk for developing IA. 17 The present study also found higher per capita area of paved city roads was associated with lower IA. Area of paved city roads reflects traffic conditions, which is associated with urban road crowd status, 19 high crowded traffic levels may be a barrier to people's outdoors activities, which in turn might render them more likely to stay indoors, and more likely to use the Internet. This phenomenon may be explained using behavioral susceptibility theory. 17 Road construction is a complex issue, not limited local GDP, also included the topography and geomorphology city located, city history and culture, investment for transportation facilities and others. Road congestion problems are closely related to society, people's social quality and health. For a long time, China's road development has been unable to keep up with the level of economic development. Indeed, the urban per capita road area has been at a low level, and currently it is much less than that in many countries. The government must address this long standing issue to mobilize the whole society to solve it as soon as possible.
Previous studies on IA focused on personality characteristics, investigating psychological and behavioral problems. 5, 9, 10 Our study found that university/college regional environment and IA are connected in predicting Chinese students IA. These results provide tentative support for the behavioral susceptibility hypothesis about IA. IA intervention programs should be designed focusing on increasing the efficiency of transportation networks and installing stricter pollution controls. When environments improve, people may engage more fully in outdoor activities, use the internet less and hence reduce their risk for developing IA. Furthermore, from a social engineering perspective, improving environmental conditions may encourage residents to engage more in outdoor activities for social connectedness. 6 The present study findings failed to support the accessibility hypothesis, which speculates that higher economic resources increase IA. Participants individual and original regional economic status (individual monthly expenses and original province GDP) were not associated with IA, which runs counter to some reports, 13, 14 but is consistent with other studies at the individual Figure 1 Scatter plot of the association between city-level PM2.5 exposure and IA prevalence level. 6, 15 University/college regional GDP reflected different dimensions with individual monthly expenses and original province GDP, which usually less related to college students' individual economic status. Our results found that university/ college regional GDP was negatively associated with IA. This may also support the behavioral susceptibility notion that lower level regional GDP have poor social and economic resources, which in turn results in poor facilities and environments which pose barriers to outdoor activities, and heighten the risk for IA. It is also possible the cities with lower university/college regional GDP may invoke stressors on college students because of decreased work opportunities and lower pay levels, as well as feelings of frustration and hopelessness related to future employment leading to heightened IA risk. 38 
Study limitations
Several study limitations include the cross-sectional design which precludes us from making a causal link between regional variables and IA. However, we employed a large sample, and our findings met several criteria for inferring causality, including the strength of some associations, their consistency and plausibility of effect. Future studies need to compile longitudinal surveillance data on IA. Another important study limitation is that our participants were college students, and the majority of them were medical students. Thus, our results cannot be generalized to other college students or the wider Chinese population. However, in the current study we separated original regions and university regions to assess environmental variables and IA.
Conclusion
The present study provides evidence that regional air pollution, area of paved city roads contribute to students' IA. Given that college student's IA in China is high compared to many other poorer and middle income countries, and that it contributes to many health problems, increased attention to preventing IA is necessary. This study adds important insights about regional contextual influences on IA among college students, which points to the need for improving the quality of environmental conditions in order to engage outdoor activities and reduce IA. We suggest that future studies pay attention to the different pathways, whether these are economic, environmental and/or social, which link environmental factors to individual patterns of IA. Only then will greater understandings be garnered about why IA is both higher in certain sub-populations as well as among people living in particular places.
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Key points
Previous studies have suggested that many factors are associated with internet addiction (IA), but no work has examined regional contextual influences. Addressing a gap in the literature, the present study found that environmental air pollution and area of paved city roads were associated with IA. Environmental influences on IA need to be considered when formulating policy and designing and implementing effective interventions to address the problem of IA among college students in China. Ã: P < 0.05. ÃÃ: P < 0.01.
